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(54) [TITLE OF THE INVENTION] APPARATUS AND METHOD FOR 
MANUFACTURING LIQUID CRYSTAL DISPLAY ELEMENT 
(57) [ABSTRACT] 

[OBJECT] To provide means by which each of the sequential steps of from 
deaerating the liquid crystal cell and defoaming liquid crystal to sealing the 
injection port of the liquid crystal cell can be performed in-line in vacuum or 
in an atmospheric -pressure environment replaced by an inert gas. 
[CONSTITUTION] A vacuum vessel B in which liquid crystal is injected into 
the liquid crystal cell is connected with a liquid crystal cell deaeration 
vacuum vessel A, a liquid crystal cell defoaming vacuum vessel C, and an 
immersing injection station D. The immersing injection station D is 
provided with a vacuum vessel E for removing a surplus liquid crystal and a 
vacuum vessel F for sealing. Also, a liquid crystal plate recovery station G 
for controlling the amount of liquid crystal in the liquid crystal plate and 
sending it to the vacuum vessel C is provided. Thus, a liquid crystal display 
element excellent in quality for large size liquid crystal cell substrates are 
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obtained. 
[CLAIMS] 

[CLAIM 1] An apparatus for manufacturing a liquid crystal display element, 
the apparatus injecting a liquid crystal into a liquid crystal cell with the use 
of pressure difference between an inside and outside of the liquid crystal cell 
and capillarity, thereby forming the liquid crystal display element, the 
apparatus comprising: a liquid crystal injecting vacuum vessel in which the 
liquid crystal is injected into the liquid crystal cell, the liquid crystal 
injecting vacuum vessel being connected with a liquid crystal cell deaeration 
vacuum vessel for heating and deaerating the liquid crystal cell, a liquid 
crystal defoaming vacuum vessel for vacuum-defoaming the liquid crystal, 
and an immersing injection station for leaving the liquid crystal cell 
immersed in the liquid crystal, the immersing injection station being 
provided with a surplus liquid crystal removing vessel for, in atmospheric 
pressure replaced by an inert gas, separating the liquid crystal cell and a 
liquid crystal plate sent from the immersing injection station and for 
removing a surplus liquid crystal, and a sealing vessel for sealing a liquid 
crystal injection port of the liquid crystal cell; and a liquid crystal plate 
recovery station for uniformizing an amount of the liquid crystal in the 
separated liquid crystal plate and for sending the liquid crystal in the liquid 
crystal plate to the liquid crystal defoaming vacuum vessel, the apparatus 
wherein each of the steps of heating and deaerating the liquid crystal cell, 
defoaming the liquid crystal, injecting the liquid crystal, removing the 
surplus liquid crystal, and sealing the injection port is performed in-line in a 
vacuum environment or in atmospheric pressure replaced by an inert gas. 
[CLAIM 2] A method for manufacturing a liquid crystal display element, 
comprising deaerating a liquid crystal cell such that the liquid crystal cell is 
disposed in a vacuum of KT 4 to 10" 5 Torr, in order to heat and deaerate the 
liquid crystal cell using non-contact type heating means such as an infrared 
light lamp and to remove remaining material such as moisture in a short 



period of time using a high vacuum exhaust pump with high capacity, an 
exhaust gas component contained in the air removed by the deaeration is 
detected, thus completing the deaeration treatment step, and the liquid 
crystal cell is sent to a vacuum injecting step. 

[CLAIM 3] A method for manufacturing a liquid crystal display element, 
comprising defoaming a liquid crystal filled in a liquid crystal plate such that 
vacuum evacuation rate in an early stage of vacuum evacuation is increased, 
in order to, in a vacuum of 10" 2 to 10~ 3 Torr, quickly defoam air bubbles 
mainly consisting of air existing and dissolved in the liquid crystal, a 
volatilizing liquid crystal component is monitored using a mass spectrometer, 
and the defoaming treatment step is completed based on the monitoring, 
thus minimizing an amount of volatilization of the liquid crystal. 
[CLAIM 4] A method for manufacturing a liquid crystal display element, 
comprising defoaming a liquid crystal filled in a liquid crystal plate such that 
a vibration is applied to the liquid crystal in the liquid crystal plate by a 
supersonic wave in a vacuum environment, and smooth-faced minute steel 
balls non-reactive to the liquid crystal are included in the liquid crystal in 
order to accelerate the defoaming of air bubbles contained in the liquid 
crystal, thereby performing the defoaming in a short period of time. 
[CLAIM 5] A method for manufacturing a liquid crystal display element, 
comprising vacuum -injecting a liquid crystal into a liquid crystal cell such 
that one liquid crystal cell or a plurality of liquid crystal cells is (are) 
supported by a liquid crystal cell storage jig capable of holding with a 
predetermined and even holding power, the liquid crystal cell storage jig for 
supporting the liquid crystal cell(s) having at least three pressing portions 
and pressure detectors each positioned in correspondence with the pressing 
portions, feeding back each pressure datum of the pressure detectors to the 
pressing portions, thereby maintaining even surface pressure of the liquid 
crystal cells and uniformizing cell gap. 

[CLAIM 6] A method for manufacturing a liquid crystal display element, 
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comprising vacuum-injecting a liquid crystal into a liquid crystal cell such 
that: the liquid crystal cell is disposed in a liquid crystal injecting vacuum 
vessel with pressure therein maintained at from 10" 3 to 10^ Torr, in order to 
immerse an injection port of the liquid crystal cell in the liquid crystal filled 
in a liquid crystal plate sent from a liquid crystal defoaming vacuum vessel, 
after which pressure in the liquid crystal injecting vacuum vessel is 
recovered to or beyond atmospheric pressure, during which a change in 
pressure from a vacuum state to a pressure recovery state is monitored by an 
absolute pressure vacuum indicator; the liquid crystal is inserted into the 
liquid crystal cell slowly at first by surface tension; pressure in the liquid 
crystal injecting vacuum vessel is gradually recovered by reducing vacuum 
degree in the vessel using a gas such as an inert gas introduced little by little 
into the vessel; and pressure recovery rate is gradually increased, the 
method wherein time and pressure recovery rate is program-controlled in 
accordance with properties of a substrate of the liquid crystal cell and size of 
the liquid crystal cell. 

[CLAIM 7] A method for manufacturing a liquid crystal display element, 
comprising: in a liquid crystal plate recovery station to which a liquid crystal 
plate is sent from an immersing injection station after injecting a liquid 
crystal into a liquid crystal cell, controlling a liquid surface of the liquid 
crystal in the liquid crystal plate made of a transparent member by using 
liquid surface detecting means such as a transmission type photoelectric 
switch; automatically supplying the liquid crystal by filling means to an 
appropriate level in accordance with a signal from the liquid surface 
detecting means; and sending the liquid crystal plate that stores therein the 
uniformized liquid crystal to a liquid crystal defoaming vacuum vessel. 
[CLAIM 8] A method for manufacturing a liquid crystal display element, 
comprising: removing a surplus liquid crystal on a liquid crystal cell in which 
liquid crystal injection has been completed such that the surplus liquid 
crystal in a vicinity of an injection port of the liquid crystal cell is wiped off 
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by a soft cleaning tool in atmospheric pressure replaced by an inert gas; and 
sealing the injection port of the liquid crystal cell using a sealing agent such 
that the injection port of the liquid crystal cell is sealed by the sealing agent 
in atmospheric pressure replaced by an inert gas, the sealing step being 
connected to the step of removing the surplus liquid crystal. 
[CLAIM 9] The method for manufacturing a liquid crystal display element 
according to claim 8, comprising sealing the injection port of the liquid 
crystal cell using the sealing agent such that the sealing agent, which is an 
ultra violet ray curable resin, is applied to the injection port of the liquid 
crystal cell in atmospheric pressure replaced by an inert gas, after which the 
sealing agent is cured by irradiating an ultra violet ray. 
[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[FIELD OF THE INVENTION] The present invention relates to a 
manufacturing apparatus and a method for injecting liquid crystal into a 
liquid crystal display element. 
[0002] 

[PRIOR ART] In the manufacturing of a liquid crystal display element, the 
step of injecting liquid crystal into the liquid crystal cell is an important step, 
having a direct effect on display quality and yields. As a method for 
injecting liquid crystal into the liquid crystal cell, a vacuum injection 
technique is the most common. 

[0003] In a conventional vacuum injecting technique, a liquid crystal cell and 
a liquid crystal are provided in a vacuum vessel, and the inside of the 
vacuum vessel is vacuumized to a pressure of the order of 10 -3 Torr. 
Thereafter, the injection port of the liquid crystal cell is immersed in the 
liquid crystal, and the pressure inside the vacuum vessel is recovered to 
atmospheric pressure. Thus, the liquid crystal is injected with the use of 
pressure difference between the inside and outside of the liquid crystal cell 
and the capillarity of the fine spacing (gap) of the liquid crystal cell. 
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[0004] This conventional system has had the following problems resulting 
from the upsizing of the liquid crystal cell and the use of, for example, a 
flexible film substrate in place of a glass substrate for a liquid crystal cell 
substrate. That is, at the time of liquid crystal injection into the liquid 
crystal cell, bubbles may be left inside the liquid crystal cell, time required 
for the injection may become long, and display quality may not be steadily 
secured depending on conditions in which liquid crystal is injected. 
[0005] Removing moisture and impurities existing inside the hquid crystal 
cell with sufficiently negative pressure (in a vacuum state) is necessary for 
inhibiting bubbles from being left and generated (bubbles generated by the 
application of an electric field) after the injection, and is performed in 
advance before liquid crystal injection. Conventionally, the removal is 
performed not in a vacuum injecting vessel but in a separate vessel as a 
separate deaeration step using a clean oven or by a vacuum deaeration 
technique. This conventional method may allow the sufficiently deaerated 
and degassed hquid crystal cell to be exposed to atmosphere again, and thus 
allow re-adhesion of moisture and the like and pressure recovery inside the 
cell. Thus, the conventional method has problems disadvantageous to the 
efficiency of the subsequent vacuum injecting step and to securing quality. 
[0006] In addition, when the injection port of the hquid crystal cell is 
immersed in hquid crystal, the hquid crystal cell is left in the air so that no 
bubbles are left in the ceU during the injection. At this time, the problem of 
adhesion and transmission of moisture and air components occurs especially 
when a flexible film is used as the hquid crystal cell. Furthermore, after the 
completion of the injection, the injection port is sealed with a sealing agent. 
At this time, wiping off a surplus hquid crystal in the vicinity of the injection 
port, applying a sealing agent, and curing an ultraviolet curable resin in the 
air cause air components and other impurities to invade and bubbles to be 
left in the hquid crystal cell. 

[0007] In addition, in the deaeration step of the Hquid crystal cell before 



liquid crystal injection, vacuum evacuation conventionally performed under 
10" 3 to 10~ 4 Torr was not sufficient for eliminating impurities such as 
moisture, and thus it was difficult to greatly shorten deaeration time in the 
case of a large quantity of cell substrates and film substrates. Furthermore, 
the following problem exists. Since there were no means by which to know 
the deaeration conditions (deaeration effect) of the cell, the deaeration step 
was needlessly continued in spite that the deaeration had been sufficiently 
done. 

[0008] Deaeration (defoaming) of air existing in liquid crystal is 
conventionally performed in a vacuum of the order of 10~ 2 to 10" 4 Torr. 
When vacuum evacuation is continued for a long time after air existing and 
dissolved in liquid crystal has been eliminated, a liquid crystal component 
volatilizes, causing contamination inside the vacuum vessel and unnecessary 
exhaustion of the liquid crystal. In view of this, vacuum evacuation for 
defoaming needs to be performed as follows. Vacuum evacuation for 
defoaming is proceeded slowly (slow evacuation) in the beginning of drawing, 
lest foams generated from the liquid crystal burst and the liquid crystal is 
scattered, and then evacuation rate is gradually increased to quickly perform 
defoaming. Furthermore, the volatilization of the liquid crystal is 
prevented lest a liquid crystal component changes its composition. 
[0009] In addition, in a conventional defoaming step of liquid crystal, in 
order to promote the elimination of existing and dissolved air, a magnetic 
stirrer was used during vacuum evacuation. This, however, would rather 
scatter small bubbles, causing a tendency of extending defoaming time. 
[0010] In the case of injecting liquid crystal into a liquid crystal cell made of 
a large liquid crystal cell substrate, especially of a flexible substrate, when 
the liquid crystal cell is put inside the vacuum vessel, the liquid crystal cell 
may be expanded or contracted because of the pressure difference between 
the inside and outside of the liquid crystal cell, causing nonuniformities in 
the injected liquid crystal. Since injection nonuniformities affect display 
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quality, the cell needs to be held with a uniform distance therebetween lest 
the gap inside the liquid crystal cell greatly changes when injecting the 
liquid crystal. 

[0011] When liquid crystal is injected into the liquid crystal cell, in the 
beginning of injection, the surface tension of the liquid crystal cell gap and 
the liquid crystal makes the liquid crystal enter the liquid crystal cell that is 
placed in the vacuum vessel and is turned into a sufficiently pressure- 
reduced (vacuum) state. At this time, if pressure recovery (leakage of the 
inside of the vacuum vessel) was performed suddenly, this caused such 
problems that gap agents, diffused to uniformize the distance between the 
liquid crystal ceU, were moved, and that the injection of the liquid crystal 
was not even. It was difficult to control, especially when using a flexible 
film substrate or a large substrate as the cell, pressure recovery rate 
(leakage rate) and time to complete the injection, causing a problem of easily 
leaving bubbles. 

[0012] In addition, conventionally, after liquid crystal injection into the 
liquid crystal cell, a surplus liquid crystal was wiped off, and the injection 
port was sealed by a sealing agent. These steps were performed in the air, 
allowing the admission of air through the injection port at the time of wiping 
off a surplus liquid crystal, and the invasion of foreign matter and air at the 
time of applying the sealing agent. This often caused a defective sealing, 
making it impossible to secure stable quality. Furthermore, the ultraviolet 
curable resin is susceptible to moisture and oxygen contained in air, 
especially moisture causing quality deterioration with age. 
[0013] 

[PROBLEMS TO BE SOLVED BY THE INVENTION] It is an object of the 
present invention to provide a method and an apparatus with which each of 
the sequential steps of from deaerating the liquid crystal cell and defoaming 
liquid crystal to sealing the injection port of the liquid crystal cell can be 
performed in-line in vacuum or in an atmospheric-pressure environment 
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(replaced by an inert gas in certain steps). It is another object of the 
invention to provide an excellent procedure to each of the steps associated 
with the injection of liquid crystal into the liquid crystal cell. 
[0014] It is further an object of the invention to provide means by which the 
treatments in the steps of removing a surplus liquid crystal and sealing the 
injection port can be also performed in an environment without exposure to 
air and moisture, after, in a vacuum environment, deaerating the liquid 
crystal cell, defoaming the liquid crystal, and injecting the liquid crystal, and 
by which a high quality liquid crystal cell can be manufactured. 
[0015] It is still a further object of the invention to mass-produce a liquid 
crystal display element and to provide an efficient deaeration step of the 
liquid crystal cell with minimum cost, a secure and quick defoaming step of 
applying vibrations without scattering bubbles existing in liquid crystal 
while preventing the change in composition of a liquid crystal component, a 
liquid crystal injecting step in which the gap between the liquid crystal cell 
substrates can be uniformized at the time of injecting the liquid crystal, a 
liquid crystal plate injecting station for uniformizing the liquid surface of a 
liquid crystal plate used in injecting liquid crystal into the liquid crystal cell, 
and a surplus liquid crystal removing step and a sealing step, both of which 
can be performed in an environment without moisture and oxygen. 
[0016] 

[MEANS TO SOLVE THE PROBLEMS] In order to solve the foregoing 
problems, there is provided an apparatus for manufacturing a liquid crystal 
display element, the apparatus injecting a liquid crystal into a liquid crystal 
cell with the use of pressure difference between an inside and outside of the 
liquid crystal cell and capillarity, thereby forming the liquid crystal display 
element, the apparatus comprising: a liquid crystal injecting vacuum vessel 
in which the liquid crystal is injected into the liquid crystal cell, the liquid 
crystal injecting vacuum vessel being connected with a liquid crystal cell 
deaeration vacuum vessel for heating and deaerating the liquid crystal cell, a 
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liquid crystal defoaming vacuum vessel for vacuum-defoaming the liquid 
crystal, and an immersing injection station for leaving the liquid crystal cell 
immersed in the liquid crystal, the immersing injection station being 
provided with a surplus liquid crystal removing vessel for, in atmospheric 
pressure replaced by an inert gas, separating the liquid crystal cell and a 
liquid crystal plate sent from the immersing injection station and for 
removing a surplus liquid crystal, and a sealing vessel for sealing a liquid 
crystal injection port of the liquid crystal cell; and a liquid crystal plate 
recovery station for uniformizing an amount of the liquid crystal in the 
separated liquid crystal plate and for sending the liquid crystal in the liquid 
crystal plate to the liquid crystal defoaming vacuum vessel, the apparatus 
wherein each of the steps of heating and deaerating the liquid crystal cell, 
defoaming the liquid crystal, injecting the liquid crystal, removing the 
surplus liquid crystal, and sealing the injection port is performed in-line in a 
vacuum environment or in atmospheric pressure replaced by an inert gas. 
[0017] In the present invention, a step of deaerating a liquid crystal cell may 
be such that the liquid crystal cell is disposed in a vacuum of 10" to 10~ 5 Torr, 
in order to heat and deaerate the liquid crystal cell using non-contact type 
heating means such as an infrared light lamp and to remove remaining 
material such as moisture in a short period of time using a high vacuum 
exhaust pump with high capacity, an exhaust gas component contained in 
the air removed by the deaeration is detected, thus completing the 
deaeration treatment step, and the liquid crystal cell is sent to a vacuum 
injecting step. 

[00 18] In the present invention, a step of defoaming a liquid crystal filled in a 
liquid crystal plate may be such that vacuum evacuation rate in an early 
stage of vacuum evacuation is increased, in order to, in a vacuum of 10" 2 to 
10~ 3 Torr, quickly defoam air bubbles mainly consisting of air existing and 
dissolved in the liquid crystal, a volatilizing liquid crystal component is 
monitored using a mass spectrometer, and the defoaming treatment step is 
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completed based on the monitoring, thus minimizing an amount of 
volatilization of the liquid crystal, and that a vibration is applied to the 
liquid crystal in the liquid crystal plate by a supersonic wave in a vacuum 
environment, and smooth-faced minute steel balls non-reactive to the liquid 
crystal are included in the liquid crystal in order to accelerate the defoaming 
of air bubbles contained in the liquid crystal, thereby performing the 
defoaming in a short period of time. 

[0019] In the present invention, a step of injecting a liquid crystal into a 
liquid crystal cell in vacuum may be such that one liquid crystal cell or a 
plurality of liquid crystal cells is (are) supported by a liquid crystal cell 
storage jig capable of holding with a predetermined and even holding power, 
the liquid crystal cell storage jig for supporting the liquid crystal cell(s) 
having at least three pressing portions and pressure detectors each 
positioned in correspondence with the pressing portions, feeding back each 
pressure datum of the pressure detectors to the pressing portions, thereby 
maintaining even surface pressure of the liquid crystal cells and 
uniformizing cell gap. 

[0020] In the present invention, a step of injecting a liquid crystal into a 
liquid crystal cell in vacuum may be such that: the liquid crystal cell is 
disposed in a liquid crystal injecting vacuum vessel with pressure therein 
maintained at from 10" 3 to 10^ Torr, in order to immerse an injection port of 
the liquid crystal cell in the liquid crystal filled in a liquid crystal plate sent 
from a liquid crystal defoaming vacuum vessel, after which pressure in the 
liquid crystal injecting vacuum vessel is recovered to or beyond atmospheric 
pressure, during which a change in pressure from a vacuum state to a 
pressure recovery state is monitored by an absolute pressure vacuum 
indicator; the liquid crystal is inserted into the liquid crystal cell slowly at 
first by surface tension; pressure in the liquid crystal injecting vacuum 
vessel is gradually recovered by reducing vacuum degree in the vessel using 
a gas such as an inert gas introduced little by little into the vessel; and 
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pressure recovery rate is gradually increased, the method wherein time and 
pressure recovery rate is program-controlled in accordance with properties of 
a substrate of the hquid crystal cell and size of the liquid crystal cell. 
[0021] In the present invention, in a hquid crystal plate recovery station to 
which a hquid crystal plate is sent from an immersing injection station after 
injecting a hquid crystal into a hquid crystal cell, a hquid surface of the 
hquid crystal in the hquid crystal plate made of a transparent member may 
be controlled by using hquid surface detecting means such as a transmission 
type photoelectric switch, the hquid crystal may be automatically supplied 
by fillin g means to an appropriate level in accordance with a signal from the 
hquid surface detecting means, and the hquid crystal plate that stores 
therein the uniformized hquid crystal may be sent to a hquid crystal 
defoaming vacuum vessel. 

[0022] In the present invention, a step of removing a surplus hquid crystal 
on a hquid crystal cell in which hquid crystal injection has been completed 
may be such that the surplus hquid crystal in a vicinity of an injection port of 
the hquid crystal cell is wiped off by a soft cleaning tool in atmospheric 
pressure replaced by an inert gas; and a step of sealing the injection port of 
the hquid crystal cell using a sealing agent may be such that the injection 
port of the hquid crystal cell is sealed by the sealing agent in atmospheric 
pressure replaced by an inert gas, the sealing step being connected to the 
step of removing the surplus hquid crystal. 
[0023] 

[OPERATION] With the construction of the present invention, each of the 
steps of from deaerating the hquid crystal ceU and defoaming hquid crystal 
to sealing the injection port of the hquid crystal cell is performed in-line in 
vacuum or in an environment replaced by an inert gas. Thus, there is no 
exposure to air and moisture in the surplus hquid crystal removing step and 
the sealing step of the injection port, making it possible to obtain a hquid 
crystal display device excellent in quality in the case of a large size hquid 
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crystal cell substrate and a flexible substrate. 
[0024] 

[EMBODIMENT] The embodiment of the present invention will be described 
below based on the drawings. Fig. 1 schematically shows the entire 
apparatus of the present invention. In the drawing is shown the 
configuration of the apparatus for performing in-line the liquid crystal 
injecting step according to the present invention, including the steps of 
deaerating and degassing the liquid crystal cell, defoaming liquid crystal, 
injecting the liquid crystal into the liquid crystal cell, sealing the injection 
port of the liquid crystal cell, and the like. 

[0025] A vacuum vessel B (hereinafter referred to as a liquid crystal injecting 
vacuum vessel) in which liquid crystal is injected into the liquid crystal cell 
is connected with a vacuum vessel A (hereinafter referred to as a liquid 
crystal cell deaeration vacuum vessel) for deaerating and degassing the 
liquid crystal cell, a vacuum vessel C (hereinafter referred to as a liquid 
crystal cell defoaming vacuum vessel) for defoaming the liquid crystal put in 
a liquid crystal plate in a predetermined amount, and an immersing 
injection station D for completely injecting the liquid crystal into the liquid 
crystal cell. The immersing injection station D is connected with a vessel E 
(hereinafter referred to as a surplus liquid crystal removing vessel) for 
removing a surplus liquid crystal. The surplus liquid crystal removing 
vessel E is connected with a vessel F (hereinafter referred to as a sealing 
vessel) for sealing the injection port of the liquid crystal cell and a liquid 
crystal plate recovery station G to which the liquid crystal plate is sent. 
The other end of the liquid crystal plate recovery station G is connected to 
the liquid crystal cell defoaming vacuum vessel C. 

[0026] First, the construction and operation of the liquid crystal cell 
deaeration vacuum vessel A will be described. The degree of vacuum of a 
liquid crystal cell 1 disposed in the liquid crystal cell deaeration vacuum 
vessel A is made of the order of 10" 5 Torr by a high vacuum and high capacity 
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vacuum elimination system 2 of which the major pump is a cryopump (or a 
turbo molecular pump). Under this vacuum degree, the liquid crystal cell 1 
is deaerated and degassed. Even in the case of a high amount of moisture to 
be eliminated, the degree of vacuum islO" 4 Torr. Reference numeral 3 refers 
to a vacuum valve. 

[0027] Under such a vacuum condition, the liquid crystal cell 1 is evenly 
heated by an infrared heating lamp 4 disposed in the liquid crystal cell 
deaeration vacuum vessel A within a temperature range where the material 
of the liquid crystal cell does not physically and chemically change its 
properties. Thus, impurities such as moisture existing inside and outside 
the liquid crystal cell 1 are removed. At the same time, the inside of the 
liquid crystal cell is vacuumized. Reference numeral 5 refers to the power 
supply for driving the infrared heating lamp 4. The liquid crystal cell 1 is 
set to an injecting jig, which will be described later. The heating 
temperature of the liquid crystal cell may be one described above in the case 
of plastic. In the case of glass, however, the liquid crystal may be heated to 
a temperature higher than that for plastic, i.e., to a temperature of around 
100°C. 

[0028] The degree of vacuum of the liquid crystal, cell deaeration vacuum 
vessel A is measured by an ionization vacuum gage 6, and the opening of a 
valve 7 connects the liquid crystal cell deaeration vacuum vessel A to a mass 
spectrometer 8, by which gas analysis inside the liquid crystal cell 
deaeration vacuum vessel A is performed. Fig. 11 is a graph showing a 
change with time in the degree of vacuum monitored by the ionization 
vacuum gage 6 and of the ion current of the mass spectrum of H 2 0 + 
monitored by the mass spectrometer 8. Using this graph, it is sensed that 
the degree of vacuum and the partial pressure degree of H 2 0 have decreased 
in a certain time to respective levels lower than the preliminarily set levels. 
Thus, the treatments associated with the liquid crystal cell deaeration 
vacuum vessel A are terminated. In Fig. 1, a rough (vacuum) evacuation 
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system and a leak valve attached to the liquid crystal cell deaeration vacuum 
vessel A are omitted. 

[0029] Next, the construction and operation of the liquid crystal cell 
defoaming vacuum vessel C will be described. Concurrently with the 
treatments associated with the liquid crystal cell deaeration vacuum vessel 
A, a liquid crystal plate 9 recovered from the liquid crystal plate recovery 
station G and having an appropriate level of the liquid surface of liquid 
crystal is sent to the liquid crystal cell defoaming vacuum vessel C. The 
liquid crystal cell defoaming vacuum vessel C is vacuum-evacuated to the 
range of 10" 1 to 10" 4 Torr by a mechanical booster pump evacuation system 
10. 

[0030] At this time, gas analysis inside the liquid crystal cell defoaming 
vacuum vessel C is performed by the mass spectrometer 8, thereby detecting 
0 2 , which is an air component, H 2 0, which is moisture, and a liquid crystal 
component fragment. The change with time of them is monitored, an 
example of which is shown in Fig. 12. As shown in the figure, it is sensed 
that the partial pressures of 0 2 and H 2 0 have decreased to respective levels 
lower than certain set levels, and that the fragment ion of the liquid crystal 
component has begun to largely increase. By performing the sensing, the 
degree of vacuum is controlled and the liquid crystal component is prevented 
from volatilizing. A diaphragm vacuum gage 1 1 is used for controlling the 
degree of vacuum such that a variable conductance valve 13 is controlled by 
a pressure controller 12. 

[0031] The gas analysis inside the liquid crystal cell defoaming vacuum 
vessel C is performed as follows. Since the liquid crystal cell defoaming 
vacuum vessel C is an area in which the mass spectrometer 8 cannot be 
directly used in vacuum, differential evacuation is performed using a turbo 
molecular pump evacuation system 15 with a gas introduced upon the 
opening of a valve 14. In the case of not using the differential evacuation 
technique, a valve 16 is closed. Note that when gas analysis is performed 
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concurrently during the treatments associated with the liquid crystal cell 
deaeration vacuum vessel A and the liquid crystal cell defoaming vacuum 
vessel C, a valve 7 and the valve 16 are switched therebetween during the 
analysis. 

[0032] Thus, the liquid crystal defoaming step according to the present 
invention is performed in vacuum, thereby, when controlling the process of 
vacuum evacuation using a variable conductance valve, making it possible to 
remove air existing and dissolved in liquid crystal without the scattering and 
volatilization of the liquid crystal, and to perform the defoaming step quickly. 
Also, gas analysis using a mass spectrometer detects the fragment ion of a 
volatilization component of the liquid crystal, thereby making it possible to 
control the vacuum evacuation process without liquid crystal volatilization, 
and to prevent the liquid crystal from changing its component in order to 
stabilize quality. 

[0033] With reference to Fig. 6, the overview of the defoaming and deaeration 
of a liquid crystal 17 performed in the liquid crystal cell defoaming vacuum 
vessel C will be described. Minute steel balls 29 are included in the liquid 
crystal 17 filled in the liquid crystal plate 9. Under the liquid crystal plate 
9, a supersonic wave generator 30 is disposed to apply a supersonic wave to 
the liquid crystal 17 having included therein the minute steel balls 29. At 
this time, it is possible to provide a heating apparatus in the vacuum vessel 
C and to defoam the liquid crystal while heating it. This is useful especially 
for a ferroelectric liquid crystal. As the minute steel ball 29, a steel ball 
with a diameter of 0.2 to 0.8 mm that has a very smooth surface and is non- 
reactive to liquid crystal can be used, examples of which including 
aluminium, Teflon, and the like. The specific gravity of such a steel ball is 
preferably heavier to some degree than the liquid crystal. Thus, at the time 
of defoaming the liquid crystal, a vibration generated by a supersonic wave 
and an appropriate increase in temperature resulting from the vibration 
make it possible to remove air existing and dissolved in the liquid crystal 
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without bubbles left therein. 

[0034] Next, the construction and operation of the liquid crystal injecting 
vacuum vessel B will be described. The liquid crystal cell 1 (one that is set 
to the injecting jig) that has been treated in the liquid crystal cell deaeration 
vacuum vessel A and the liquid crystal plate 9 having filled therein the 
liquid crystal 17 that has been treated in the liquid crystal cell defoaming 
vacuum vessel C are sent respectively through gate valves 18a and 18c to the 
liquid crystal injecting vacuum vessel B that is preliminarily vacuum- 
evacuated to a vacuum of 10" 3 to 10" 4 Torr, and are put into place in a manner 
shown in Fig. 1. The liquid crystal injecting vacuum vessel B is vacuum- 
evacuated by a turbo molecular pump evacuation system 19. In Fig. 1, a 
rough evacuation system and a leak valve of the liquid crystal injecting 
vacuum vessel B are omitted. Reference numeral 20 refers to a vacuum 
valve. 

[0035] The liquid crystal cell 1, as shown in Fig. 2(a), is supported by 
injecting jigs 2 la to 2 lc. In Fig. 2, the liquid crystal cell 1 is held through a 
buffer seat 22 for maintaining a certain gap between the liquid crystal cell 
and for uniformizing surface pressure at the time of pressing, and at both 
sides of the liquid crystal cell 1, the injecting jigs 21a to 21c are disposed. 
As shown in Fig. 2(b), the position of the liquid crystal plate 9 is adjusted so 
that the injection port of the liquid crystal cell 1 is immersed in the liquid 
crystal 17. 

[0036] The liquid crystal cell 1 has such a sectional view seen from the front 
as shown in Fig. 3, where reference numeral la refers to the area into which 
liquid crystal is injected, lb to a sealing portion, and lc to an injection port. 
On one side of the injecting jigs 21a to 21c located at both sides of the liquid 
crystal cell 1 composed of a flexible substrate, at least three pressure 
detectors 23 are disposed as shown in Fig. 4. The pressure detectors 23 
maintain a certain total pressure of the plane of the liquid crystal cell 1, and 
control for even pressure distribution of the plane of the liquid crystal cell 1 
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at the time of pressing. Reference numeral 24 refers to a part of a jig for 
pressing provided on the other side of the injecting jigs 21a to 21c. 
Although the pressing of the liquid crystal is useful in the case of a flexible 
film substrate, it is also useful for a glass substrate. 

[0037] Fig. 5 shows an example of a method for pressing the liquid crystal 
cell 1. In Fig. 5 is shown a structure in which press-pressure is made 
possible in vacuum. Reference numeral 25 refers to a rotary introducer for 
vacuumization, 26 to a coupling, and 27 to a screw portion. The rotation of 
the rotary introducer for vacuumization is converted into rectilinear motion 
for pressing. When a signal from the pressure detectors 23 of the injecting 
jigs 21 is imparted to the rotary introducer for vacuumization 25 disposed 
outside a wall portion 28 of the vacuum vessel, the predetermined screw 
portion 27 moves back and forth, thereby making the jig 24 for pressing 
operate to uniformize pressure throughout the liquid crystal cell. 
[0038] As described above, by securing evenness in surface pressure in a 
certain amount by the pressing means at the time of the injection treatment, 
especially such drawbacks can be overcome that with the upsizing of cell size 
resulting from the use of a large size cell substrate and a flexible film 
substrate, the inconsistent density of liquid crystal appears at the time of 
injection, and cell gap is easy to become uneven. With these problems 
overcome, the display quality of a liquid crystal display device can be 
stabilized. In the present invention, before injection, in vacuum, it is 
possible to secure evenness in pressing stress with respect to the plane of the 
liquid crystal cell, the inside of which is in a pressure-reduced state. Thus, 
it is possible to set accurate injecting conditions (press-injection). 
[0039] In the liquid crystal injecting vacuum vessel B, as shown in Fig. 2(b), 
after immersing an injection port lc of the liquid crystal cell 1 in the liquid 
crystal 17, pressure is recovered from vacuum to atmospheric pressure 
(alternatively, to a pressure slightly above atmospheric pressure) 
sequentially as shown in Fig. 13. First, during time T x , as shown in Fig. 13, 
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the pressure of the liquid crystal injecting vacuum vessel B that is vacuum- 
evacuated to 10" 4 Torr recovers with a gas introduced slowly. During time 
T 2 , the leak rate of the gas is increased, and during time T 3 , the leak is again 
made slow. Then, during time T 4 , pressure is recovered to atmospheric 
pressure relatively quickly. As necessary, during time T 5 , pressure is 
further pressurized above atmospheric pressure. This is a basic sequential 
pattern; it is open to change according to the kind of liquid crystal and the 
size of a liquid crystal cell substrate. Referring to Fig. 1, reference numeral 
41 refers to a variable flow leak valve that controls a pressure controller 43 
using a vacuum gauge 42, making it possible to introduce a gas as described 
above. 

[0040] Thus, in the present invention, pressure recovery is controlled 
according to liquid crystal cell size, thereby making it possible to, without 
causing the movement of the gap agent, inject liquid crystal evenly into all 
the areas of the liquid crystal cell and to eliminate bubbles left at the time of 
injection. Also, in addition to controlling time for the step of recovering 
pressure from vacuum to atmospheric pressure or to a pressure slightly 
above atmospheric pressure, the step is varied according to liquid crystal cell 
size by a sequential program of pressure (including vacuum degree) and time, 
thereby making it possible to mass produce a liquid crystal display element. 
[0041] In the liquid crystal injecting vacuum vessel B, after injecting the 
liquid crystal 17 into the liquid crystal cell 1 by a vacuum injection technique, 
the liquid crystal 17 is completely injected into the liquid crystal cell 1. 
Then, in order to avoid leaving bubbles, the liquid crystal cell 1 that is in the 
state of being immersed in the liquid crystal 17 is sent to the immersing 
injection station D through a gate valve 18b for separating air and 
atmospheric pressure. Through the immersing injection station D, the 
liquid crystal cell 1 is transmitted for at least three hours with its injection 
port lc immersed in the liquid crystal 17 in a nitrogen gas flow or a clean 
environment replaced by a nitrogen gas. 
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[0042] After finishing injecting the liquid crystal into the liquid crystal cell 1 
completely in the immersing injection station D, the liquid crystal cell 1 and 
the liquid crystal plate 9 are sent to the surplus liquid crystal removing 
vessel E through a gate valve 18d. In the surplus liquid crystal removing 
vessel E, after slow evacuation using a rotary pump evacuation system 31, in 
an environment replaced by an inert gas, the liquid crystal plate 9 is 
separated from the liquid crystal cell 1, and a surplus liquid crystal 17a 
attached to the liquid crystal cell 1 can be wiped off in a soft manner by 
revolving a roller 32 as shown in Fig. 7. Reference numeral 44 refers to a 
vacuum valve. The liquid crystal cell 1 that has had the surplus liquid 
crystal 17a wiped off is sent to the sealing vessel F through a gate valve 18e. 
Thereafter, the liquid crystal plate 9 is sent to the liquid crystal plate 
recovery station G through a gate valve 18f. 

[0043] In the liquid crystal plate recovery station G, as shown in Fig. 8, 
transmissive photoelectric switches 33a and 33b, and 34a and 34b disposed 
on both sides of the liquid crystal plate 9 that allows transmission 
therethrough set the upper and lower surface levels of the liquid crystal 17 of 
the liquid crystal plate 9. When the liquid surface of the liquid crystal is 
lower than the set lower surface level, the liquid crystal 17 is supplied by 
replenishing means 35 such as a dispenser. The supply is performed within 
a range such that the liquid surface does not exceed the set upper surface 
level. 

[0044] In the liquid crystal plate recovery station according to the present 
invention, the amount of the liquid crystal in the liquid crystal plate is 
detected automatically using non-contact means, and the liquid crystal is 
automatically replenished, thereby making it possible to perform liquid 
surface control, which is required at the time of injection, without human 
intervention, and to contribute to the automatization of the step of injecting 
the liquid crystal. In addition, liquid crystal to be replenished generally has 
air existing and dissolved therein, and, therefore, control of the liquid 
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surface of the liquid crystal and replenish thereof need not be performed in a 
vacuum vessel; they should be performed in a clean environment such as a 
clean tunnel. From such a liquid crystal plate recovery station, the liquid 
crystal plate along with the liquid crystal is sent to the vacuum vessel for 
defoaming liquid crystal. 

[0045] In the sealing vessel F, after immersing the injection port lc of the 
liquid crystal cell 1 in a sealing agent 36 as shown in Fig. 9, the sealing agent 
36 attached to the injection port lc is cured by an irradiation light 38 of a UV 
light source lamp 37 in atmospheric pressure replaced by an inert gas as 
shown in Fig. 10. Thus, the injection port lc is sealed. Reference numeral 
39 refers to a blocking plate for preventing a UV irradiation light from 
impinging against a portion other than the sealing agent, and thus for 
preventing the liquid crystal and the substrate from changing their 
properties. Note that although the sealing vessel F is vacuum-evacuated by 
a rotary pump evacuation system 40, a leak system is not shown. Reference 
numeral 45 refers to a vacuum valve and 46 to the power supply of the UV 
light source lamp. 

[0046] As has been described above, in the present invention, the surplus 
liquid crystal 17a attached in the vicinity of the liquid crystal cell injection 
port lc is wipe off as follows. After slow evacuation using a vacuum pump, 
an inert gas (e.g., N 2 gas) is introduced from a gas introduction system, 
which is not shown, in order to have atmospheric pressure. Then, the 
sponge roller 32 is brought into contact with the vicinity of the end of the 
injection port to suck the surplus liquid crystal attached in the vicinity of the 
injection port. Thereafter, in the atmospheric-pressure environment with 
the same inert gas, the injection port is immersed in the sealing agent, or the 
sealing agent is applied to the injection port by applying means such as a 
dispenser, thereby performing complete sealing with air prevented from 
invading the liquid crystal cell. Besides the invasion of air into the liquid 
crystal cell, the inclusion of moisture and impurities, which are the main 



21 



causes of change of properties with time for a display element, can be 

prevented in vacuum. 

[0047] 

[EFFECTS OF THE INVENTION] With the construction of the present 
invention, the following advantageous effects can be obtained. Each of the 
steps of deaerating and degassing the liquid crystal cell, defoaming and 
vacuum-injecting liquid crystal, immersing the liquid crystal, applying a 
sealing agent, curing the sealing agent, and the like is treated in-line in 
vacuum or in an environment replaced by an inert gas by connecting the 
vacuum vessels, and thus each of the steps associated with the liquid crystal 
cell from deaerating the liquid crystal cell to sealing the injection port can be 
treated in successive movement. This ehminates the following problems: 
contact to air and moisture throughout the steps, the leaving-behind of 
bubbles and uneven color tone caused by inconsistent density of the liquid 
crystal in the case of a large size cell substrate and a flexible film substrate, 
the inclusion of moisture and impurities into the cell, and a defective sealing 
portion. With these drawbacks eliminated, a liquid crystal display element 
stable in quality without the above problems can be obtained. 
[0048] In addition, with the construction of the present invention, the liquid 
crystal cell is evenly heated, deaerated, and degassed in high vacuum by 
non-contact type heating means. This has the following advantageous 
effects: the inside of the ceU can be turned into a pressure-reduced (vacuum) 
state with less impurities such as moisture when injecting liquid crystal, 
making it possible to secure a display element with stable quality; and a 
mass spectrometer performs gas analysis of the cell and informs of the 
termination of the deaeration and degassing in order to efficiently deaerate 
and degas the cell, thereby improving productivity. 

[0049] Furthermore, in the present invention, the defoaming of liquid crystal 
in vacuum has the following advantageous effects: air existing and dissolved 
in the liquid crystal can be removed without the scattering and volatilization 
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of the liquid crystal; the liquid crystal can be defoamed quickly; the liquid 
crystal can be prevented from changing its component, thereby stabilizing 
the quality of the liquid crystal display element; and in the defoaming of the 
liquid crystal, vibrations generated by a supersonic wave and an appropriate 
increase in temperature resulting from the vibrations make it possible to 
remove air existing and dissolved in the liquid crystal without bubbles left 
therein. 

[0050] In the liquid crystal injecting step according to the present invention, 
there are the following advantageous effects: even in the case of a large size 
cell substrate, evenness in surface pressure in a certain amount can be 
secured by pressing means at the time of pressing, thereby stabilizing 
display quality; and pressure recovery is controlled according to liquid 
crystal cell size, thereby making it possible to, without causing the 
movement of the gap agent, inject liquid crystal evenly into all the areas of 
the liquid crystal cell and to eliminate bubbles left at the time of injection. 
[0051] In the liquid crystal plate recovery station according to the present 
invention, there are the following advantageous effects: a decrease in liquid 
crystal in the liquid crystal plate is detected automatically by non-contact 
means, and the liquid crystal is automatically replenished, thereby making 
it possible to perform liquid surface control, which is required at the time of 
injection, without human intervention, and to contribute to automatization 
of the step of injecting the liquid crystal. In addition, there are the 
following advantageous effects associated with the surplus liquid crystal 
removing step and the sealing step. By performing these steps in 
atmospheric pressure replaced by an inert gas, air is prevented from 
invading the liquid crystal cell, thereby preventing the inclusion of moisture 
and impurities that effect the change of properties with time for a display 
element. 

[DESCRIPTION OF THE DRAWINGS] 

[Fig. 1] Fig. 1 is a configuration view schematically showing the entire 
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manufacturing apparatus of a liquid crystal display element according to the 
present invention. 

[Fig. 2] Fig. 2(a) is for showing the relationship between the liquid crystal 
ceU and the injecting jig, and Fig. 2(b) is a schematic cross sectional view 
showing the relationship between the liquid crystal cell and the liquid 
crystal plate. 

[Fig. 3] Fig. 3 is a schematic cross sectional view of the liquid crystal cell. 
[Fig. 4] Fig. 4 is a schematic cross sectional view showing the relationship 
between the pressure detectors provided at an injecting jig located on both 
sides of the liquid crystal cell and the jig for pressing. 

[Fig. 5] Fig. 5 is a schematic cross sectional view showing an example of 
means for adjusting press-pressure with respect to the liquid crystal cell in a 
vacuum vessel. 

[Fig. 6] Fig. 6 shows an example of the defoaming and deaeration of liquid 
crystal in the liquid crystal cell defoaming vacuum vessel. 
[Fig. 7] Fig. 7 is a schematic cross sectional view showing an example of 
means for removing liquid crystal attached to the liquid crystal cell in the 
surplus liquid crystal removing vessel. 

[Fig. 8] Fig. 8 is a schematic cross sectional view schematically showing the 
detection of the liquid surface of liquid crystal and the replenish of the liquid 
crystal in the liquid crystal plate recovery station. 

[Fig. 9] Fig. 9 is a view for describing the relationship between the injection 
port of the liquid crystal cell and a sealing agent in the sealing vessel. 
[Fig. 10] Fig. 10 shows UV irradiation to the injection port of the liquid 
crystal cell with a sealing agent attached to the injection port in an 
atmospheric-pressure atmosphere replaced by an inert gas in the sealing 
vessel. 

[Fig. 11] Fig. 11 is a graph showing the change with time of the degree of 
vacuum and of the ion current of the mass spectrum of H 2 0 + in the liquid 
crystal cell deaeration vacuum vessel. 
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[Fig. 12] Fig. 12 shows an example of a graph for controlling the degree of 
vacuum in the liquid crystal cell defoaming vacuum vessel by detecting 0 2 , 
which is an air component, H 2 0, which is moisture, and a liquid crystal 
component fragment. 

[Fig. 13] Fig. 13 shows an example of a graph showing a change in pressure 
recovery from vacuum to atmospheric pressure in the liquid crystal injecting 
vacuum vessel, after immersing the injection port of the liquid crystal cell 
in liquid crystal. 

[DESCRIPTION OF REFERENCE NUMBERS] 
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Liquid crystal cell deaeration vacuum vessel 


B. 


Liquid crystal injecting vacuum vessel 


C. 
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36. Sealing agent 

37. UV light source 
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0> SKa-fe^R^S«S§At®«4>#fff8SrS^b, 
#*r§h8fc:ci;SH. cr MPcB-f 

ofc££€*«IU iRa-fe^RftHS^SATCOjBa*: 40 

^T-TS. tta-fe/PRftNffi«BAK:«rJB-r-&&9l « 

So 

[0 0 2 9] jfcfc, ttaR.«Jl£#« c<D«f£ - fp»fc 

tH>TRwr*. *a-fe^Rft*a««Afc*w*ffl3ffi 

fMX£tt?rLT. ^aJllE[i(XXx">3>G^^[BjiK$ 

n, i&af&® &mjE u^Mz»z>tzm&m 9 »i«aR% 
*s*«cfcsi6nT<s. KaR«xa«sc& * 

*n*^y-^^-#>^#fl[3Rl 0T1 0-^1 0"< 



») W5- 3 0 7 1 6 0 

8 

[0030] z.(Dt%, *aRia*a*«crt©#x» 
**<*ai/**fcct*iwirr*j:fcfcj;o, kss 

^Wlv Sa^^RTS^iiSIHjfc-r*, E^g 
©•rWttlBRXafU l£JB^ 2l:io 
1 TW^>^^>XA^1 3 ££-3 
Tfr&frnSo 

[0 0 3 1] *aR»Ka#«Crtfc^»«lc*^ 

COT, AJP^I 4MHT3f7fe»AL4«i6?-#» 
: ?#>P r »ft* 1 5 *«^TJS»#ft*ff>a:oT»«f-r 

<• Ra^R»&MA&iKaRflaKffi«a 

[0 0 3 2] H±<ftJ:5{C, *«WO»[aR}axg€* 
a*Tfrfc:5 3>y^^>ApJ^AVI/^^ 

ft *a©»*sff5iit&<«a^»#-rsft-»s* 

STS^ltT&tT^, ffl»fcR«lg£fffc5;i£*rr£ 
So R«»«ffrJci*^»«fJ*J:D*a©*36 

7 5 ^ > h -f ^>^m-r s z: t fc<k 13 

»»L/^:ViJ:3^:Jt^SCcDyD-fe:Xfc«IWT€?, i&a 

[0 0 3 3] *aR»K«S*«CIC^»-&*ai 7CD& 
S, RflUtt3!©JBEK£, 0 6TI»0JTSo ^aJm9(CiK 
^^nfc^a 1 7 fcte. «MNfc»M*:«2 9 fcfiATS. 
*LT. *aM9<Z)Tj6r«Cjg#«SI^S83 o*EiU 

2 9 £^A Lfc^a 1 7 KM^FS^Unx. 
So XS«HCftlclnM««|«R»t> JDl*b 

2-0. 8mmcr>*^T*>0, 7J^rr)A, 5r^n> 
•S«ffl«tt#T* 4 *©iUttt«aJ:D^a^ 

[0 0 3 4] »SttAXaSSB<0««-ftsft 

ico^TRWf So *a-fe;vRS,jaa*sgAT«issn 
R?a*ca^scT«iasnfc«ai 7^JK^L^an 

9tt, ^e61 0 3 -l 0- 4 Torrfc*35#»$n&*affi 
AK?S§S§B(C. 8 a, 18cB 
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[0 0 3 5] «tfi-fe;Htt, ®2 (a) fc^Stl*^ 
fcttA»*2 1 a~2 1 cK3E»Sna. H2K^ 

3t»an, -eoiwifctt, aAM2 u-2ic*E 
■anrws. ^lt, jfca-fe;nra, ^2 (b) ^ 

^©KMBtf^bT^D, 1 attjSftj&«ttA$Wx 
U7, lbBS^KB* 1 cBttATLfcSLTV**. *J 

gift ? w> ;i/A»«T?«ft«nfc*»-fe^ i ©WBfcti* 

t5iiAfe*2 1 a- 2 1 c CO -^flCKL H4fca^TJ: 

*£i£-fcT*«fc3*WTS. -2 4ttaAi6*2 1 a- 2? 

[0 0 3 7] ^tJH^UXjffi©- «£H5fc5K 

^ffllnJ^AS©®*^ #E©fc&©lS$§l^lfrlc:^*- 
£oT. ^AM2 l<DJE^ffii§2 3#>£©ffi*§ 

*HA8§2 5\Z^&BtlZ>h. ffiS^^S2 7«i: 

[0 0 3 8] mz, ^a-fe;i«s^>Bi»tt7^;i/A*« 

|;:££ir;HMX©*^fcK:£D. ftAli*fc:*a©«* 

©£5tte£0££<>:#T^£<, *5B91-eW:. SAb^ K 
IE*I&&A&# C/UAftA) *BBe-r*Ct*«ar«T? 

[0039] *aaxj[a*»Bi:^T, ^2 (b) 

fc^Sn^J:5fc*a-feJH©ftA?Ll c&Stai 7IC 

mm<Vi£i]) J£«)E*r5. HI afc^sn*^*:, 1 
0 - 4 Torr IcXSttftS n&*aflLA**S#B B ©JE* 
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Hta ©PflTBtfffe^KU-^LT* 3EK«fWt4 ©W 
TKMBts ©Pfl"t?*ajEE<fcOSK:ffi**»«>*. -©^> 

-^r>xi«*«^^->t^o, tta©s& »a 

•feJV*R©**^lcJ;oT*ASCfc3»«T€r*. Hlfc 

&<h*pu »^*«a©J:5fc*A , ra2ifc3ft«T?*s. 
[0 0 4 0] iot, *5BWTtt> *a-k;i/©^xt 

:/»J©»»£5l€ffi£^2:£;&:<* *asr*air;i/rt^ 

jg-^T©»»fcaA-r*jifc*«T?€?* ax^©s@ 

*aiz^©1MXfcJ6CTJErt 

[0041] *aa7JKis««BK:*viT, s*fe;n 
icjsai 7s*msi^ot$Aim aa-fe^ 

mi 7fca»ufc««K:***a-fe/pir*, ^ 
a**^7D-*fc»**<fx«ft©^u->iB« 

TT*4<fcfe3»W:I0, «a-feJH ©SA?L l c 

&«ai 7t«»4*fc*aat6ti*. 

[0 0 4 2] iaftAXr-ya >DJc*3^T, Scai* 

;v i fc«a*5S£fcttAb**.fc«i^ *&a^;v 1 fc* 

BJIIL9». y-bn;^18d^LT, &«HKaift£ 

fe&tixwWkVTcmmrFiz&^x. *aM9**aizJV 
i^6»u «a-fe;nfc(t»^*»*ai 7 a ^ 

H7K:^2n£cfc5^ x^>y«I»n-7-3 2$ 

». y-h/t^i 8 eft*ir»±»»Ffci6n 
^©^> «am9By-hAjv^i 8 f^it*" 

[0 0 4 3] fifcamiElJKA^— i ^3>G(C^ViT. 08 

{:^n^i;^i:, aaprtsg©«ajni9©is«ifcEB$ 

nfcI®S3tfA^^3 3a, 33bt34a, 34 
btr^^T, *il9 0*fll7fi©»SO±, TDfil/ 
^j^BBtsn, Sft©"FHV^J:0*aWM©ttB 
*tTfc «ai 7 ttx* A^>i*^©« 
3 5^^TM$n, ^©^W^*©-hffil/^^ 

[0 0 4 4] *IBM©fKaJniIe|iRX'5r— > 3 >T?li. « 
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[0 04 5] »Jh«Fftl:*liT, MtMCSA ifl 

2i*rz&, mi oiz^nzjzoizMiz&Aiii 

*U aA?Llcl^jl:$n§. 3 9 fi^itSllJeW<DgR^ 

[0 0 4 6] «J:©<fc5fc, Sai^va-A 
ft 1 c #ili«C#*L^PJ^ 1 7 a &&&J&Z>tctb, 
»o<0«S#>^c*Sll / fcft 0?Kbft^#x3SA 
(Ni £#ALTAJaJEE£ 
U ftA?L«m#jfifcA3S>>?D-^3 2 
T\ ttAa*ffi(C#»lx^*J«,S 1 7 a£«^lfcD, 

ft©«A*K^«i|«^±ftififc^ffft5ii^ T # ^ 

[004 7] 

r#x* ttioKfi, *£&a, m&mm. &±mm 
■rs^a, *a"tJKz>Ra^^aAacott±*T?©jKa 

±XglC^^T^^^fC«n^Ci:^<, A^;i/ 

[0 0 4 8] *«WO*fiElc«tD, 
©*»»cd^&^«£E (Mm VtmizVxm8i&&A't 
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[0 0 4 9] **©Rifi*Hfflif«T 

fcRS£frfc3;i£*«TtN ME*OA^»bft5»R^Kr 

fc £ -3 T3I C $n^®S^m«±#{ci: 0 sealed 

[0 0 5 0] *»WTH iMAlgiiLT, A3*© 
•fe^**fc:»UT*>, ttAfflS«pC»JBE^aT?-«fl!>W 

z-tte<, m-\z±To&mzm&&&A-?z>zzt&x 
ttA«f©a«a?8&tii<'rj:t*tT*sai*&#"r 

So 

[0 0 5 1] *56M©*aMIiIiKA^-^a>-Ctt» fflt 

^a^atATff^p^t^T^aAxs^aiftftc** 

XtX»±xS*^Stt*AT«8lsnfc*«£ETfc*^i 

rff^^itic^o, «a-fe;Prt^cDsa©«ASB#, 
^tt«©«A*B&<riit^T?€r*sjf*s*rrs. 

[0 1 ] **W©*S^3llT-6?>«iftKa^flc©*3IS: 
[0 2] (a) BMt^t&AMfeoniftSU 

(b) \^m^±jihm^mt(Dmm^'tm&\Sfmmx 

[0 3] »Sir;KO«e»rffi0T*S a 

[04] m&±)i<Dmmzimrz&AteM\z&v}t>n 

0T&£„ 

[05] *a«aw©*a-fe;vK:irrsyuxffi*coii 

[0 6] «AR«X^«8k:^^£»aoR» v Rftffi 
[0 7] ***»|»*#8fc*»-&*»-fe^fc»»Ufc 

*a«)i»^sco--#ii^^*r«ie»rM0T»<5. 

[0 8] saimiPiJKAx— va >\z&ftz>m&(DmB<n 
ttftk »a©«*©«ii&^'r«ie6WD8®T*'5. 

[0 9] w±#artfcja»**a-fe;po».A?Lt»ji:a 
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